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I  
swrn^mt 
fh® puppe®® of th# was to stttdy# on a 
pilot plaat s@al@, tfe© praisti^ateilitf ©eenotti© 
f©asiliilitf of a net pwommm» imw th® .prepaFation of • tii©rliii8 
fluorid®. In tha mm •pi?o®.ets ©oasifiteti of 
dissolving tii©ritt» aitrat® .t®tratof€rat® in iistillatii wat#i»» 
pf»««ititatiwg tii» tli©riwi» flmori#® fef tlie addition of atu@om® 
hyiroflttori© a@id* filtering tli® pr««i|>itata and drying, th^ 
flmorid® to 0«1 p«r mrnnt noistwr® @©fit@iit« 
fr«lisiiiiar^ ®tttdi«e ©f tto# presipitation raaetion 
indicated that in ord®r t® prodm#® a filtaratol# iir#®ipltat®, 
til® r®a@ti€Mi t®wt®rattir« liad t© tee i»aintain®d at or 
ateof#. At laaat a ®t@i0tiio»©tri@ awomiat of te3rdr#fltt©ri« 
a@id liad to to® «s®dt and tli-« pre#ipitat« r#tiiired at l@ast 
10 to It »irt« hold-up at tUm pr@©i^itation t@ap#ratitr@. 
Any ©on#«ntrati9a of aeid ©omld tee ms®d,, tent in ©rdar to 
prevent dilution ©f tli# slmrrf and to Miniaii«@ pwping eoata, 
TO p®r eent liydroflttori© aeid was dasiratele# Tte© eon#@ntra-
tion of tn© tfeoriiiw nitrat® sol'iation wa® r@»triet@d to 1.0 
to t:.0 Ite. ttioriiw/gal, • water# Iieaa «©n#®ntrat«d aolutions 
prodwead to© dilmta alin^iaa, and »or« «©ii®«ntrat@d solutiona 
pr©dt4@®d almrriaa to# thMU for ©onwaniant liandling# 
1?*i« rasttltant wm% ©ale® fro» tli# filtration of th@ 
©ottld tea driad in air at t«Mp@ratiira» up to S§®*'©* Ifitii 
i 
siittafel# €»y%tm th# motrntm® ©eiiM %m m4m®€ %-o 
tm&tGry fmlmm* At tlils low irjiwg t@wip«Fatttr## tto# pgrro-
hy€r©l^tii« r«*®tiiin, ®0nve.rtl«g #©«« tliorltt® t@ 
tte^riiM »»« Jtellte #«i»slti#» of tli« 
p-i?oimet *«r# fr«» l»i t# l#i u*/m* 
l&@velop»#tit of thm pv^&mmm tw-mt the to«alser s®«l# tiir®mgli 
tiMi lafe -»®«l® t© m pil.@t plant ot#*»«ti©» ir#?lfiea 
th® #0fi41t|.©0» Hi«titl#a#i pr^irlottsXf • ' Mxm^t ©©utrol ©f tlie 
rm§en% mmm f^iiad t© 1# m pplm^ »0#®s8lt3r. So®© 
a€Altl@a»l mmrm «gitati#fi ©f %h@ 
teaffliiig of til# mmflm l%m to pwrnwrnm 
©f th® a«#^iistt« ©©©ling t© l©w«i» tto@ alwri^ 
to ro« t«i^®i?attti?® te@f©»# flltratl©ii# ?®ly@tlifl@a« llii#€ 
8t««l w«»#ls umite t® t;ii© i*©a@ta»t« and 
filtratl©!! of tli« sl«f»i^ pr«s«nt@€ t4ffl®ttlt.l«»» 
Oil flltratian ©f a alwrry ©oatalnittg 1^5.3 p^w mnt aoliis, 
rates ®f It.t lte.t Avy ft. if@r® attainaS* 
Wastilug ©f tlia'flltar tatea tm filtar s«nr@« to .rawow 
pmr ©ant ©f tha naalniai a«l€ fr©» thm aaHa. fte® 
w^lstmra ©oataat ©f tfe® nat aalea traa afeomt %i far ©ant. 
A atainlasa ataal filter with a ^aran f11tar ©loth was 
smltatela for tti® filtration of tfea alwrsf at ro©w tawpara-
tiiraa* 
s 
s%u€i@@ lam,csmt@€ %u&% speelflaatioin ttoopiaw 
rii*0fiii© ms f©®#ifele with m €€slgoe<S ®f tn®-
r#tiwp|r ^iia tft®* t#wterataf# at tli# i«i;iiit #»«! 0ti@»ld 
be a.r#mn<l iao*C ani tli® «axiwm« t®ap©i»atttr® @h©iil€ ftot 
#3C#««4 3fO* t® An a€«tii»t« fmme r#»«¥al SF&t#» 
sfeOiiM h@ installed t® with«li»*w %hm irsf^r® at tit# en# 
Qf thm .Bttlle #f tte# iri' flia©rl<l@ 
wmrm I..3 t® la t# tli® ^uiic 
i^Rslty @f tte# tto#i?ittw f.luorid®,# aai t© ittsiir# a miiilMiiw 
tt©l8tmi»® »ni -©^Itf® a ,flii@i?laatliig- fiiriia©# Is 
Till® wml4 mt t ®f 55©*-C. 
with an o-f @iitiy€i»ott® ti|r<lF©g#ii 
Tli« @»tliiat@€ ©©it 0f #fttltw#tit f©r « plawt 
t© tuorluwi ©nni-ralftfit t© 3 ton® of thwlmm 
p®r WMM »«•#€ m m S'-ff. a«ortiziitl@a 
p«i?i#4# tlii® aid p#r p0»ii4 t© tto® ©©st 
tfe0-^lis». .A #®@t e»tlatat# f®r tfe® pro#tt©tl©ri 
at tlii# wmtm mmm #5 .St per ©f ttiorlw ©f whMk |%,87 
is til® ttiofltai Rltfat# tetr®ftf4i?at« ®©®t amil |©*$i Is th@ 
©®iiv®rsi#tt. e©»t* fhas,. tfe# w«t process mppmmitm t# fee 
eoapetltlir® i®lth tlie kmmm mmlmte 
fts0rlli« im #f to tli'® .Stat«® 
Ati>i8le Ba«pgf CoBmis#l©« a@ a soudr©@ of timmtonmhlB materi#! 
Bf turn. ©f m mlm rn&mtr&m^ is ©#n¥@rt#i 
Into m&wlmB^233; m wltto a hmlt %.lf» of t3 alti* 
Ttm i» ffiitaetiiiitt»*t33 wtelefe i® »1»#' ^#ta a©ti^# 
witli a. half lif« &f day®, ftt® pr«t®etiiii*iM-i33 i» 
%htt8 mmwm3Ptm4 t@ ieng^-liir#!! iii?a;ttii»«t33 with m kmlt 
lif® ®f 1*4$ M ^jr# Tbi® mpmmtwm isatopfs i» fis»i©«i«t>l# 
with s3.®w nitatif®!!# aa# i© « fa@l ®8tei»lal for 
tn4el«ai» •rm&tmm C5)* 
fto# Aw#® fay e©ii.v«rtiii-g »Aat3.«-gi?@i# tli®i*iiw 
nitrat# t@ti»ahfir8t# t# ttiOi»i» ««tal inTQlv®® |ji»«eipitatiag 
til® tli©ri'«w as tto©ri*w ii*slL«t#, tsleiniag t© tiie mMm,. 
tlmowi-mtimg tii« &xMe t@ tlis^iM wiag aii.liy^i?oms 
li^4F©g#a fltt®ri€«, mm€ m4m&Sm.g tto© flm®ri<I# t# th#j?iii» 
»@tai with @al©iii» aetal m «tn© ©tol©i«i#® la@0®t#3? 
An pwmemBg th# w#t wmm |>p©-» 
pmm4 imr^lviiig th# ^lr@«t fl»©riii»ti®ii of tte'Orttt® nitrate 
i» a wat«r ii®ii*g to^-iir©fltt©rie a©14. thm 
l&wm Stmt® foll#ge gr#ttp (2,3) an# f#t#rs©a ft «i> (8) 
©f tli@ Vitr# #®rp®rati@ii of Aweriaa v@rifi®4 tto« feasi.^ilit^ 
©f tlii® mm pw-mmmm* 
5 
in M&fs  1952# th® Mvlsioa of the 
A»«ii .Ia^©i?at©i*f at Iowa Stat® toll@,g« ttii.dl®i»t@ok tii® 
i©wl©p®®iit of the ttet pt»©@««8 tUFOtt^ tli® p,l:i©t plant 
stage* fte# |»urpo»e of thm investIgatlofi itas tli© design 
an# ©peration of m «o«ti«*ioms -pilot plant t© 
aniiyiSroua tliox*itt» f©j? ,r®4m«tion to tto# ^tal# 
ttaifig mm a »ta.ftimg mterlal* tuoriwi nitrate t«ti*atiyii»t@* 
Mmmtmn ft rnXm (? )  In i t l n l l i r  m uvmhmv  ©f  
TOt.ti©#s for flttorli#.. 
pF@®«.ii8 €©ii#i@%«€ Qt f-ff-aelpitttting tborlsta oxalat# W thm 
acliiiti©ra ®f #xiilAe seiil %:•© m wat«a? o.r wltric aeid 
aa# »sntl-«-®ra«I# tli©rii» attifat© tetraliftrat®-* fli# mmlmtm 
pr«©ipltat# itas »ni ©altludd t© tlie o3cl<i«» 
C©iiv®r»iofi t® th@ aiitefir©»» wmm flu^rifiatioa 
©f tl»® mMm i» aa at«ospfe»^® of aaUfdyous li^dFOgen flTOipt<l« 
»t afeomt 
la»0far ®s frew %li«' tm 
pr#©ipitatl.-o«i #,f tte®i?iii» 
a©ii was first a« ® 
f«s»ll>llttf % tiie iQwa Stat® 0q.11#s« 0P#itp in (T)* 
@f %m toiiltey @r tm pr®©ipitst@:, 
wmm t# ti»« pi?#®tpita.%i©« a® fe#i.tig. 
«©!?# pra^ti««fel#. 
In Iff©# ttoe thoriiMi 
m» mmA %% wmm foaai «t t@iip#ratiir®» 
#35ee#aiii-g 7©*'G.». «.a€ ultli *ii «ii#«ss ©f aeM, a 
tmaRtltativ® fl«M @f a filteratol® pr«©lpltat® eotiM 19# 
©fetalu-®^#. In k hr*M tfei» »at»ial ©©«M lu aii? at 
•200* t© 25<>*C# t© l@»a ttostt 1 mnt wmtmr wit-te. ao detect-* 
afel# 1©«.» of flmorld®* H«ati»g afe©v® la ©o®# 
T 
t© fehi©.riiw» ©xid#. Sow# of this wmt p^ommm 
m&m %tmQu0k %li« mmm tlxring mnA flaorinat-
ing »%mpm ms®4 on thm oxslat# ani us® 
tmtty t© w#tal. 
in Iffl# tM« flty© ^$oiepoi»»ti©fi of Aw®i»i@a 
nil# tte# #ir«lii»tA©fi ©Jf tte® w#t pr©®©#.® tow %hm 
ppodttetion Qf ttiofias Ifi fclsi.s tiiwetigatiofi.,. 
f«t@f»8©n ft al.* (8) wrlflad tti® fa#t that a fiitaratoJ.® 
pi»®©lpitat# ©owl# to® ©totatoei at fi*§ with a 2 pmr eaat 
©3t@®aa ©f a®l4« In a<Stltl©fi# it iraa 
ttiat tua p.i»®®ltitat® h® li«W at thia ©leirat#*! teeparatmra 
tm at l«a«t 10 »ln» fraeipitatlon ®©mia tea ®ai@ fpow 
aolati^na^ eoataijaitig It® t© t%# g., of tuoriiw par litas? 
with 13 to T© pel* aeat aittt@©tts tof^rofluori® aaid, 
@ttt4i@@ m tlia h^^ratad tto®a?i«aa flttorl^a iiatiaatad tliat 
an inai^t at»©«ph«j?# was »®«@»aa-^ to pwmwmmt mMm tovmm* 
tlon, faaparattw®# of t® i5®*C af^ iiaating ttwaa of 
% lir» t® laaa ttoaii I hr-* pro€m&@4. a flm0i»i#® @©atailing 
lass tlian 0*1 par aamt wateip.. 
A@«©F€iii.g t® i^H,©r C^)# tuorlw fl«@ri^a pi»@0ipltat«dl 
frow a 8©liitl©ii ©f tliori<» ©lilori^© witti an aaiaaaa ©f 
li:r®ap«^f aai4 was tlia o#tali^«3?at@» ^ uadai* 
vaamw# tlia fla©yl«« least torn »©l®8 ®f watai?, 
I^ti® Iowa Stat® CS©il#g® i^»3) ln#l@at#^ that th# 
flweri^a pFaaipltatai fip©» tliorl«» nitipat# 8©l«iti©ii wmm 
8 
probably th® monohydrste» Rodden ®% a3.« (9) reported the 
analysis of the precipitate to yield ThF|j,*l*4 HgO,, 
Peterson @t al, (8) found that the hot-preeipitated thorlu® 
fluoride contained fro» 0#8 to 0.9 woles of water• For 
rooiB-teraperature preelpltations# 1.2, 1»9# and 2.6 raoles 
of water were reported from solutions with coneentratlons 
of 370, 120, and 37 of thorluoi per liter. 
On the assi^ption that the preoipitate is the wonohydrate 
at elevated tesperatures# the precipitation reaction of 
thorlu» nitrate solution with actueous hydrofluoric acid is 
as follows; 
1'h(W03)^ • HgO • 4 HP « ThP|^-HgO • 4 HMO^ 
9 
riEMMiiAmr 
S©li»tioa 0.f fliQjplita 
The e&mttmmmvm &t tli©i»ii4» fl«ciPi.€e w©mlL'i 
d^pmm4 ©la thm pif«ei»« •©dutrol of both thm w^lmmetrie flow 
mt@s aai tij« #ofie«ntfati@ii@ '#f tti® ttiortii® i3itrafc« soltttl^n 
and a#M# Sine® »©®t flow M@t©riiig 
d«iri@®8 e^mii Urn i» tmrmm of MquM v&lmmm rat## 
an mmmrmtm mmmm& of ana iif sing ©onesiitratioriii was a 
lEiae^asity*. 
f®3? th# tifirofiwri# a aiwpl.# titi»i®®tFi© awilyaia# 
ititii a »%ati<Sar# tea# m4 laai^g plk#{i#l]^fotliai#in aa &n iiiili##-
waa foina^ to hm h&th ae®arat« an^ .rapii C®®® Appentfiat:). 
th# ttioriw laitrat# 8cilttti©ii, fc®ata wmm m^m to 
<S#t«3P«in@ tli® ®p«@ifi# gravity wornl# ®«rr® me mm 
aoaiirat# iatinatle® ©f tli# ®oo©@»ti«ati©ii» A w@ith#<i ^ttantity 
©f tii©i»iins iiitrat# t#traiiyirat© #©ntaioiiig per mnt 
ttioriw was iiasoi^## ia S&O »1« ©f «iatlll#f watar in a 
gra^uatad #flin€«r» Aftar solmtioii waa th® fiwal 
voliiioa waa rasdi,. TH® apaeifle gi»airitf of tlie aoliitloij waa 
©fetaiued m&mnm of a liy-€r#«®t#r at tli# arfeitrai^ t®ap®ra-
ttir# of t6*e. fft# •e#ii##tttrati©ii of tli® tliorlmw ia tii# a^lii* 
ti#in wa» ©aifr#®##^ a» p©iia€» ©f ttoerima par gallon ©f water 
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ilH uGt to ^mt rnnMl mfeout h«lf of 
tii» • stoi^tii€*«efcri©'- awottiit' of aeM t»«i fli®n mn 
a^gglo»#«t«€ ap|>«ar@d: wtole^# witli' • 
to tmm m H«0©sfi«©as* wilted smsp#itt»i©ii« tets- pj?«#tipltmt# 
s©ttl.«« ifaplilf Had filt®.ip«# .©asilf, giving m mlmmp flltrat®. 
It was on tti# %»»!» of tUmmm taalitati-f# 
t«®t8# that the p®®@ti©ii fe® mi% at 90*G, or 
ali©v«, 1?nis waa tm with r«»-mlt» fmmA hy ©tiiar 
i»v@stigat©r» (S»3*i)« 
fe# erltarion ®f smitablllt^ @f tto« thoriwa f.J.i*oi?S<i« 
wm» Ita filtarafellity. Ira mm mtfor% t& mmmimtmrn 
on etianidaia ani Imho^^ it was tO' mam tUm sattling 
rat# of tlia pira©lpitat« In tli« sat«i*a«taat Iltmii aa an 
iwiSiisatlofi of tti# #as« ©f filtrati©® ©f tli# prm€m&m4 
m^4mr iraipyiiig ®©jii£tl,©tta* firat irarialfela e®naid«r®€ 
waa tti# «3i©«aa hyAw&ftmmwt® a©ii o*«i» tfta st©i@lilcnt®trie 
mmemmtrn 
It Had toaan aatafellaiiaH pwvloiaalf ist mmplowmt&ry pF«-
«i|sitatiofi» ttiat at laaat a atole-tiiowstrl^ ^iiaatltir, of aei^ 
waa rat^iraiS* Any Immmmr a»@»at a .galatinoiia 
material whleto wouM »©t filtar# fliaraf©i»a. In all. taata#-
lEfiowa mMmm&mm ©f ts^4rofla©pie m&ld war® msa€* 
1* 
for #a.e.li tmmt, of nit^at® »©l.»%i0n iiaT-
lag a ©€itte@»1;»atioii ®f 1«0 therliii®/^!. mmtmw wm^m hmmt@4 
tm a bmmrnr on a saall. bm% plm%® t© mbmt Ifdr^flii^ri© 
W •«« %l.t^alsi:cni 
in. til# Apf®«i#s*, wm» »»t«s»#d into th® l>®alce:«» f^©m a 
»ali«llt« tewratt# a pmw-to^ ©f l »lii» tM9 pi?®eipitat« 
was l;©ft ateoira ^*§» nitii ©<»iiata«% f€>r mn mMStt&mml 
§ rolra* anil itaa thmn pomem^ into a t!SO @e» gifaiSiiatad 
stl^rai to fiv® a a.m»p#i!isi®a^ aw# all€»f«# t© aettia*. 
of tha ^anaity of tiia ttecJ3?i-*w flmowMmg a 
4istlii©t aa# lawl iataffaa# fNiawltai toatwaaii tlia praelpitat# 
mn€ thm ampai?tiata»t p©aitt©fi ©f tiita intarfaea 
waa maaamraS W »aaiia of ttia @yliti4ar graiMatioiia^ aa a 
fttnatloa ef tiaa^, $lia Initial sattliBg f»a%a .rtai»iisg tlia 
"f^aa fall* pariad waa aaaantlallf @©aata»t» fhati. In tha 
•teitttarai aattllug* tha ifata to©ppa€ off afi«i 
ava.fit«lly raaaliai Ear®*, 'tafela i ai^owa ttia initial aattling 
mta aa a fmaatl®® of tlia pmw aarit mmmmmm ©f Hfi.i?©flii©i*ia 
a@i€ &vmw tt»a at#i#lilottatri«- «»€>mat« 
®a@ai*aa ©f tfaa mmmttm aatura ®f tba €ata# »o a^8©l.iita 
mm'lmtmim. ^a 4raifn, H©w®irai», tteaipa »©t appear 
t0 l»a any traiiii Efi tba aattllng irata for i»ax^aaiiig aaceaaaaa 
of aal#* It Itaa tliai^f©i*a aaaiiMad that tha axaaaa ©f 
iiyir©flm©ria a#i« fciatf littla,, if any, affaat ©?» tha aattliiig 
i?ata» 
^aiit 
* « » * • • • • 
I® 0^ 
mm 
P*-P*4^ MMOdl-^ 00© O© 
ss^^s 
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strip of ®t#el t««i«i©n«4 & iitalisl«sa 
®tmm% »©r#i#,. w&m ttiromgh a. filter flasit arad 
wat#r mspirat©!'# In atdition,, m ^Mg« mud m »tc#eo@te 
wmlm wmm to tlie fiasM:, 
4, s&lmtiQii ©f aitrnt®, ©®«tmiiii»g 1*0 
tta©rl*iffl/gjil* wmtmrg wmm to i§*0» An ®xe#s» h3r.^ro-
f3.«®rle aeii wa» »®ter«i in^ mm hmtmm witte stirring owr a 
p«rio€ #f 1 »im» fii# ,r©ii:»ltattt pr#@ipit«t« wmm le«pt at th« 
»mmm t«i»p@ratt*r® for f ain« witii @©n»tit:iit stilling* fii« 
mlmipy wmm thm ailoii®# to ®©@1 f®r t tor# At tiiat ti»«# a 
piia©h «l.«wp wmm 'pm% m %Mm ,lioa« fro« tfe« t#st l««f# «»# 
wm appli®^# tli« rntrnprnm fel#@d#r wlir« was a«4tigt®« 
miitil yaamaai, wm If in# of mmw&mf, -IPtia mlmrw'^ was 
t^#« p®ttr## int# a iarga f®tri 4iafe ®o»tainiag a wagnati® 
itirrar,- Aftar tkm alwry waa atirra# t® a ti#®©g@ti«-©«i8 
»iisp«fi»i©ii# t^« t«»t laaf was aatil th« filtar araa 
wa® J»®t rnuhmmw-m^* atirrar was t«r»«# ©ff# ai^ thm 
pi»®li elaMp wa® r@»ov«4. ft*# taat iaaf wmm mmm4 aown a® 
tli® lifui^ imml troppa4. Aftar %/t ain# ©f filtration, 
til® X®af was raisad aa4 p®r«itt«€ t© iraw air for I 1/S aia.*, 
after wiiiato tha "m&wm was %rote®ii* l^teia ©parati©.ii 
»i»Mlat«€ a @f®a.e ©f a rotary filter with per mmnt 
Stttewargeia®®. ^h® aalce waa tli®« blown ®ff iat© a tar®^ 
evaporatiag iieh* w@i#i®i» #ri®4 at l©0*§«,t ani r«wei#i®d. 
•fhi® proaeiMT® waa repeat®# for mrioiia eJEeesaaa of aei4 
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90*e,^ thm awa?ag# wojL®tm»@ eontant ot %h.® wet eake was 4?.6 
per cent0. while for 80*©.^ it waa S6.9 p«r ©®nt« fhla i® 
fiirthar a'^idenaa of th® galatlnou® nature of th® praelpitata 
at t@®p®ratmrea below 90*C, 
It waa concluded that tha pareantag# aasaeaa of h^dro-
flttori© aold did not appraalately affaat tlia filtration rata, 
Howeirar, in ordar to aaamra an ©xeass of aeid for eofflplat® 
praeipitation, th# figmra of t par aant axeeaa waa 8@t for 
ail ftttiira woriE» 
Iffect of hold">ttp titta 
A aariaa of filtration® wara aada to datarroina what 
aff®et tlaa langth of hold-up at the praaipitation tarapera-
tura had on the filtration. In aaeh easa, 150^ ea. of thorium 
nitrata solution aantaining 1.0 Ih, thoriuiB/gal» watar wara 
praaipitated at 95*C. with a t par eant ajcoaaa of hydrofluoric 
aeid ovar a pariad of 1 lain. Tha praaipitata waa atirrad 
at tha praaipitation tawparatura for various langtha of tima. 
It waa than eoolad rapidly by iwaaraion of tha raaetion 
baalear in aold running watar» A pariod of about 10 rain, waa 
auffieiant to lowar tha tawparatura to 33*<2., and filtration 
of th® alurry wa® aarriad out aa daaaritoad previoualy. 
Tabla 4 and Fig, 2 ahow tha data ototainad. 
fha data#, although »aagar» indiaatad a trend towards 
highar aaka wai^ta for longar hold-up parioda. At about 
19 
H 03? IM fiBin#, th® sake weight ®#©ae<I to l#v«l off« 'Th-is 
«8seritlallf wrifieiJ thm data of f#t#?»©ii »t a3.« (8)# who 
F#eoiaw««<led m ani was ©onsiii^ip®*! 
saffi#i«Kt f©r €#»igti 
fafel® Iffent of lold-iip. Till# on tilt#r 
calc# Weights 


























Blia^iniE ©f th® filt® w ©loth 
In ov^mr to test th® toliniling eff^et of thm pr^eipitat# 
©n til# filter eloth# that 4®# to d#t«-i?aia# whether tli# 
p*»#eipitmt# wowM fill the ifst«f»#ti®®s of th@ ©loth sna 
•^i?eauc@ fllt#i» 3?at«»i a new iapan filter ©loth wa® put on 
th© test l«af* A ©oa#@nt3?at@4 sluri?ir* th® rewnins tvom m 
nit»te@i*' of pi?@¥lom@ flltmtion tsistts,*- wa® fllt@i^d smeeessiir®--












PRECIPITATION TEMPERATURE =95°C 
EXCESS HF= 2 PER CENT 
THORIUM CONCENTRATION = 
1.0 LB. THORIUM/GAL. WATER 
4 6 8 10 12 
HOLD- UP TIME AFTER PRECIPITATION (MIN.) 
FIG. 2. EFFECT OF HOLD-UP TIME ON FILTER CAKE WEIGHT 
<4 
21 
eyele wlttt 25 pmr siitoa€i*g@n©@ was fh# r#8alts 
mwm IPafel# 5* 
the liata were fairly mmtmnt o¥«r th« n%m smmmmtm 
filtration®«, It wmm tti#3?«f€ir# that in eontinuoms 
filtration ow a rotmr^ filter, bli-niling of the filter ©loth 
weiilA not oesttr,. mn4. that filtration wouM tate© pis®# at a 
r©lativ@l3r ©ottstafit rat@» 
'^atil® 3* Iffeet of Stie#@s®iire filtratl©tis 






Wet ©aiee si©istur@ 
eo-tit®fit 
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In ord®r to #®t«r»i»@ wiaat iiat@rl«l» of @oristria©tici« 
laigiit to®, smitafel® for handling th# prMm^ets ©f ti»« pr®®ipi-
tation rea@ti0«t a. s#ri@® of @orr®»i©fi t«®t® wa® ®a€@. 
Saapl«s of all ©btainalle tjp©s of staiiil»«s st#®ls w@r« 
out to a eon'renieiit mtmmg. polisli@€t and »@eMrat«ly ffl#asar@d. 
it 
mmr® tti«ii wmmhm€ in iin€ 
aomate€ in s^ll ©f l^eofl®* la tm lioti;©® of 
glass 
fb# tmmt selttttoR me tli« flltipftt# iw©m m 8%»ii€ari 
pi?«eipitatl#fi of tli©i»J.mi8 ®©liiti®n Ci*0 l5ti©i*imii!/ 
gal* «i>€ m t p#F @#iit mxmmm &mr tfa# 
a»©wiftt of p#r ©#11% liftrofliA^ari© @f %li« 
©oimtioiJ it fco N 1» a#id» 
^h® tmmt @«»pl®s Iter® k®pt iio»pl«%#ly in tli® 
soiiitisii at wmm %«»p«r«twr# for a t®ipi©# ©f t It th® 
mm€ of tteat tl»®, tii®f if«p® frow t&« 
wmmhmA in ii®t®r aa€ ;€i*l®€, ani a^la if®igb«il* tii® 
©©wi»©.»i©ii» in, ifi@ii®» wa» fr®m. tli® 
f©ll#iflttg fOMttlSt 
|i) {Initial wtigtit Plniil w«igiit) 
©Cll»l»©»iail Ci.»|>.f«) » -I..,, n,::,„i:.. ^ i:,j,r,-, r„P„.,,i , 
ity ) I Af#a ) 
th» mm «feei»a in Tmhtm At w&em tten® 
of tto® staiiil®®# mmmmml'fm emwwmt^* ©f tii® 
mix 8«wpl#s t®®t®€.i tfp»» $1©,* 31f mUmmA tli® b##t 
f®»istaa©«, %|i®s 302^ 3©*,. mm^. 31T sliow®# tli® l®ii«t 
resistant®• 
f®t#f»»oii ®t (8) tt»«d f®i» .»i«ilar t®st» a soliitio® 
tr&m turn pi^«ipitatl@ii ©f a aolttti^a bafimg tnm ®mm #©ii-
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2% 
fesmlting tm»% s©lmtioii l-fO- g». of altrie a^id p@i? 
lit#!*;,, oi* mfeoiit S M Sn ••©M» f^p« 30fS mmm foiiiii- t© Is# %ti« 
li®s% ©f those witli mmtomimn ©f to 
©.•0©15 »n# O*#! t®.0-,©T at 
asiag § aai 10 p«i» @«ttt mmm» «.@id i»«®p#eti^®ly» 
It was eoaolmdei tlwt stainItsa .st««Is* lit g®;i«rmX« 
«mlt«tel® f#!* teailing tli® pi^@tpltiitioii mlmwf at rooia-
t#®pe3fatmr#-. th«f wottia n«5t l>« amltm^l# far tli# 
r@«eti©a • 
4 fwirote«a? @f jr«»i#t«at mpp%%m€ t© mtmel 
stfips# 3* m l/t* » 1/li*. »«r# ®iipfOPt«« te®ii«iitn 
th.« smrfft-®® of t«st .s©lmtl,®a® at wmm t®«p®ratiir®,« 
th® «3?® tiitomXat®# %m f* 
litiPl© A@M. mmmrnl 
Il«0»iitiitt0ti witsfaltig 
In Qw^mw t€» htm *#11 tti® aitri© a.eii 
in tti® pip«©ipit«ti©ii i^«©ti©ii #©a1.t b® iiasli®^ ottt of tii® 
tfeoi»im«i fl«o-|?id®# thi*®® s®ri®8 ©f t®st® w®.re «ad®.. 
A ®#latioii ©f tfaanfin® nitrat® ©ontalalag Ih* 
tte#i*itt»/ipi. wat®F was p3?e@ipitat®4 iw th® msual «afiri®F with 
48 pel* e«iit tofdroflii©ri« a®14«. A ®©n8i#®wtll.® ®3i@«»:8 of aei€ 
wa® ®id®€ until it mmm ofeservei that tii® ir®«®tioa wmm 
eowplet®#^ i»@:,.,# wtien tti® p®a«ti©ii nixtttr® w«« a ii©a©g®a®@u® 
m 
mii^l tUm pr®©ipltat« stayt#il to s@ttl« 
nthm «tl»liig mmm JLnt«^rntt«€#- fh® mmm p&mipm^ into 
m myl.ln4mr.m fh@ total voltta# was W.33 «.n€ 
tim mlmm ef tto@ pre^ipHtat# wns t7& m* turn 
sttf#fnat*nt mA nitli m 









1 @@at ?ooa 
1 mm Toow 
S ##ats 7^0 
I #@llt pFiTOl? 
% @©«ts 4€K)-10 
S ©oikta 
I eoat H-lOO-l 
% ©oats 11-700-^ 
alaf-dri^i 
m#ei» si»» 
fa«® in 6© ill?,* 
Blistering «!»• 
fa<i« in 13i hp*. 
fat# lis l$6 hr* 
Bliat#i»a at #4g@« iti 
t% ftir.. 
ati#. -if^lnlcliiig 
in It tai** 






liaae fo# ita a®.i4itf:* iistilla# nmtmt? if«re 
si€«€ to til© aiii tlioyoiigiil# witii tti« 
ti 
Aitmr prm&tpltmtm' again s#tetl«4 %o 
IfO tte® m-m mnM 
fh@ w&mUlmg, pwmm^wm wmm mpmtrnA using 3§0.©ii. foi* ©aeti 
waaHiag* ^i»® iata mm mhmn in fa^l# i. 
fatol# $• Wrnrnhlm^m ftl.lfaahi Ratio* 
tQtml Tmlwm #f « t§5 
Tolisffl® &t piwieifitat# a IfO m-* 
©f mail mmtm par Hashing • 3|0 m* 








aaii i»#»©ir«<i total 







































A aiwilai? ma aarriad ©mt witii a aaasiKl 
p3P®@ipitafea • in thi® ©a®#, turn total v@lw« naa i€§ #©•# 
an^J thm satfelati iroliina of the pi^-eipitat# waa 162 ®e» 
foi? thia aariaa 0f %at@li waahi^ga# If© #@# of iiatilla^ 
t? 
water for ©anil 1?b# iata mm mi^mtn in 
Table t» 
fa'bl® f... Washing* til Wash 'Ratio. 
.»lit3pi?y « 26§ , 
.S®tt3.#€ ireliW)# @f pip#eipitat« • lit mm 
V0lt»« wm«ii p«r ffa»hi»g • 156 m*. 
ie©%®l «@i€it|p ©rigifisillf pp@s#:tt% ®.#» 
Wasteias fpft#ti©ii ©f 
«io» ii©5P»aiiljf t@tal a«i.4 






















f l « 5  
fl*f 
wastoing 
4 ttoii^ yi#li«€ ft t0%«l #f tfT 
ttlttx»i*^« it) a s»@ll» @tainl««8 @%#«1 
Irjt«i?iiniti-#a«l @bw>«i©al anwi- 1^5 @<i. ol* li<iwi€ 
ii©ll««t#€ aa# 'litfe %hm spimiiiie. 
If® m» p-Qw%tQmm of #istiil«i wmtm wmm tiiFOttgii • 
ti 
%m mUm* WUm wstiing mm» eoll®e%e4 
mm mH-owa lo fatol® !©• 
Wm»h±n^ 4m%m t&r sll. series 0f %mmtm mm mumtm 
^emphtmltw tm fig:.. 3* •f®2P i«#ii'iitiiti©n nasHing* 
wstoiiaf, mmm hy thm mm ©f tw® v&tmmm 
©f mmtmw pmr ir©i»e ©f ttiafi ©ti®. UowmwmT, 
•fafel® W* Haahitiig, 
T&tml •w&lwm '&t mlwpm ® SfT ©•©• • 
fmlwm &t waaii wmtmw pm^ wasfaittg * 150 e®* 
total .a@s.#lty s 21SS 
Washing A@i« ir©ii»# yr«#%i©«i ©jf 
•ao» norttalltf #oi|ii#tf€ mtA i»»wa€ .total ««i€ (##•> t«i2.1i- j?a»©v«€ 
a^miiraXaiit®) {$g) 
0 7.70 145 1117 
1896 I 5.30 1%7 S8,| 
t 150 2124 99.6 
1 0.37 150 2180 lOt.2 
f 0.07^ l^ t 2193 ioa.8 
5 0.033 1.5t ai96 103 ,.0 
th® fttantitif ©f m® mmmA t© a«@©apli»fe 
aliglitlf m€km nasititig.* In fanai^al# t^sliing 'bar iaaanting 
mm& an Itaal ©attlirag ©# %hm pi^@iijltata 
t@#k tiM« mn^ tli# av^araatant ^^aee 





o DECANTING WASHING 
2 VOL. WASH WATER/I VOL. PPT. 
A DECANTING WASHING 
I VOL. WASH WATER/I VOL. PPT. 
CENTRIFUGE WASHING 
I VOL. WASH WATER/VOL.PPT 
2C, 4  ^ 4 k——t 
N U M B E R  O F  W A S H I N G S  
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iV'x 18" STAINLESS 





STAINLESS STEEL BOAT 
THERMOCOUPLE 
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mmnt wti#ii mMm is Is %»»«€ an a light#? 
mmplm 'if#i#it An# mn^ ^ .giv# a p#jr«#iitage 
hii^ti? than thmmtlml tm tft©3?itt» fl,u#ri##. 'fii# t«»p«ra^ 
twr# «t ifteioto tii# pmw mn% thmiwm wmmhmm tii® tii»©i»#ti#al 
am^ottut is hmtmmmm. S^* mtsi flitis., tr&m tte# ^ta# 
fmtei® ii» ©ipyiug of fhsfinw. flmoi»i4# «t Varieiis 
^•iftpeifattii?## ifi Air, 
Starting wat«i?i«li §$*UW0- tli# %0 
Aif «t»o»pta#r® 
»®# -tf-^ptii m •©,§§ • ifi-» 
•fiiae ©f 'hdating « t*©-
ttiofiiias Fii»©yi## 'fte iatii# 1fat®r 
C*e#| Iwt* .0) Cwt* ij -Ci*t» ii -Cut, m 
100 72.25 23.75 
XOO 72.12 23 AM-
150 73*61 22»92 
200 73.72 24.15 
250 74.4^0 t4.25 
300 n^er m.m 
350 7^*# 
%00 75.3.1 a#. 07 
*50 75 ^ 7® tl..§3 
§00 75.93 23.69 
mo 70.67 22.59 
3,0i>'2 —™ 4,00 
3.077 o.oa %.i€ 
3.212 ©•SO 2*97 
3.053 *— t..l3. 
3.068 0«Q5 1*30 
3.092 0..lt 1.06 
3.065 0*0% 
3.120 O^tg 0»60 
3.180 0,.43 
3.205 0,43 0.45 
3 . 39  ^ i • O© mmmm 
it wm» &0melw§m€ that tl»® tlioipiww fluoric® ©oml4 t>« 4ri#«i 
ifi air at t#«p«i*ata»»» up to# tomt tt©t «iEe#«#iiigt 350*© witto 
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FIG. 5. DRYING OF THORIUM FLUORIDE 
AT VARIOUS TEMPERATURES. 
36 
saw® esp«riw#fital was mpmrntm^g 
l»«t A ai%#®gett mm tm tm li«atliis 
»© tHat sm at»o8pti@f»# #f iiitr@g@m nas »aint«t«i»i ©wr %li© 
Siiwfl#* @.©aii%.l©«is mmwm saw# &m tm tn® 
pi»#^i©iaslir s.« mir# tli« «t«rtei»g 
»iife#ip|.al €6*22 p«i? #«nfe tli©i*iiii8,, tt»t# p#t» @«iit 
lLl#5t pmw fh@ 
2*Q te.# iiii4. thm h&d 4#ptte wa« 0*15 lfi« fti« €«%« ai?« gi:ir€in 
ifi fmhlm It «tti mm mhomm tn 6*. 
tiitel# It. W9?ytns Fl.aoi»l€« Vmplom® 
ill. l|.trog«ii 
Staiftiins rnmtmmin m,. », 11.5^^ %© 
Mitrojgen mtmospheira 
Bewi ^#pth « 0.M5 t»# 
^iro© 0t btftmting » t'»® te# 
(•Ks 
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FIG. 6. DRYING OF THORIUM FLUORIDE 
IN  N ITROGEN ATMOSPHERE-
S8 
Thm mmm t&r <li»fing in a nitf^ogein 
at»o®ph«r« mm in «lr.. The ©uf^s iaiieatifig the rati©' 
brealcs upward hmtmmmm %00 audi ^00*S. 1fh@ eent thoritt® 
th# tli®©i?®ti;e«l at afeoat 5t^*0.,4» teat has a rmry 
slight 8i©"f>@, 'fb®... cant flmori^# 1® pra®tlealif '©©nstant 
frow 150* tw""6Q^*Q, It was eoaeliidad ttiat tli« nitpogau 
atra©sph@r® pi?®ir#iit«a p^rohfiFolyiii® t© so®#-©astaatf an<S 
wouia pa^rmit th» ...4i!^iiig to b# ®awi«4 oat at tmmpmTmtwpm& 
$M @,se®®® of 3§O*0, 
.Iffaet of tlBta.#. r-%«dl iaiitliiii ara^ oyiiaiQal woiatug# ©oRtautt 
A @®ri«8 of trflttg t@at» i»a® n«st ©am«d out whieh 
would iniiaate ttia affaet &t AryXng tiw®, feai dapth# an4 
tha initial «oi®ttti*a ©ontaat ©f th# tliwiuw fimori^a. Both 
boat a wmwm umm^ f©r tea# «l«pth® of O.tS mn4 0,79 i«* 
sasa ata^tiai. watei^ial. wa® wmm4. mm in tha prairisna drying 
taat®. Ifi a€<Sitioii, wat filtaip ei^a wa® fai 4ii»a©ti3r into 
tiia heating tutea in tha eawa «awfi«r aa tlia air-iriasi 
naatarial. Saeamaa of tlia Higfe woisttifa oontaat,, t^liia 
»atei»ial ©©uld not hm aaalyaad. fra«tt»ably» tiowavaf^i it 
waa of a eomparabla isatwa axeapt for tha ifatai*. m»a 
wmm also variadi in this sariea of tasts. Xn all eaaaa, ally­
ing waa at 350*^. i« mn air atnosphara. ffea ^ta mvm 
givaw in fatela i$. 
It waa ©onslttdad frow thaaa tasta tliat tea# dapths of 
0.S5 aM a»?5 In. mt signlf leant If tiff aidant. Wat 
3f 
'•emMm to giv® as g©®<l mm »lr-i3Pl#4 aatwial, 
Th@ m»m ®f ft irflag of 3§0*©» in r@sttlt®d 
liiljl# if, lff@et on .l^fiag of Qf Ttmm, B## «»# i^igiMal Holatttp® 
Mmmtmnt, . 
Mp m%moBphm^ 
©^img « 35©*© 
fi««- fii^ ri-iw fittorti# l^i 1^4# Mmtmit (hr.) {wt. jS) {w«. -y— (wt. 5() (wt. Jt) 
itar^iag aatwittlt tisf%. Ji®il Hepthi. ©•tS la# 
0.5 ?%.6i t4at 3.095 ®a4 l#Oi' 





s.oi? o-,o| i.ao 
t%.of 3aol ©.xS I.a* 
i%a3 3.105 oa? o*Ti 
starting wat«rlali Mm% Be« ®@pt-ht ©«tf: in* 
0.5 74.73 
1«0 74 ..S3 
i...0 7543 
3*0 75*m 







In v«f*F ©Si## f©«iatl-©fi. 'ftj© final #«©r«aa®€ 
with €r2ri»g ti»#* ais weult 1^® «3!tp#©t@d.. 
*0 
It momM ®mm witb pi»©p@r aiding %ia«s^ that th® 
@©*il€ hm €wtm€ In mtr t© tti« 
Balls: iSeiia.3.t¥ 
Bttlfe ^eti»lti«s wmwm- ^rntmwmtmd th# thorltta fluorii# 
s«i»pl«@ €rl#4 iti momm of %hm pa^viewif 
«HniRt»« Fop toesBfe 3?«4»#t-a.0n#j,. %hm l>«lk is iwpoftft-nt 
in ttjut it limit*. tlj« '©toarg# :p#i? fe©»to» l©w bulk 
d«fi®iti#s l#iia to pi»©iii.@ti®n «@sts» 
wmm mm follewst 
Thm mmmplm mmm pat iot© a 1© #@* e^rlirai#!* an# 
J©lt»p«0:te«# %9 m e#'iist«ttt ¥©la®«. »«>»« of tfe« tippea? 
p©i?tioii. of thm 8.ii»pl® was p©ui?#i ©tit» and tti.« jolting wa» 
©©ntiiiii## afitil a l«v«l suuffa©® «iii m ©©astmnt iroitiis® wmrm 
attained, fh# w@igbt ©f tti« ®a»pl® €ivid«€ toy tb® wmlwme 
gair® til® bulk €«fisit^.* fatol® 1% ®ti©ifs tn® Ismlte €®n®it^ mm 
m fiiwetioa off t®»p@i*attti?® tm lioth air a«€ nitrogen atraos-
pti«iNl drying. 
falsi® 1%» lff®et 0.f tewp«ratur« on Bialte 0®ti«it3r» 
















C ' c . )  Mltre^en 
l.6i im 
1.6t 1,59 




Apparentlyt toialte 4«ii«i%y 4o«» vaify sis»4fl©atttl2r 




on lw«stlga%i#n ©f thm eonditlon® 
tm %hm pwm&%pxt&tt.m ®f m plmnt nas ©©»-
f©r %hm pi?©#ii«ti©i3 ©f Wm fXmorii®.. h 
©©•|i@»ati'0. drawing of tte# pro@«»# is shcwtii its fig* ?• th® 
0|i@i»sti0ii wmm mm fottmiBt 
Apppoxiwateli? if g8l« ©f wa.t«p w#i*« ma Into 
m gla®8*li««d# Ja<sk«t«4 r®«et©r, 
fl of %iioritt» nitwt# ©ontsiniiis 41 »5 
pmw @®at tftorimw, • if«ir« aMed and di»s©l'r«€* High pressor® 
st««® wm t& %hm mmiitmr Jae-le@l;,. ®«i4 tti® soltttion 
iia^lRg a Qomarnntrnttm. ©f afproxiBi®,t@if t ite-. th©i»ii»®/gal * 
wat#!* w@® to®a.t®«i wt^h ^emtmnt ®tiri?iiiig t© « %®wp#r®ti«?@ 
of It was %li®a pii»p®i into ® l®n®-liii@4 
hmrr®! wbi®.ti ®®i?^®^ a® tli® .i»ea©ti®a v@s®«l, f©i? precipi­
tation, B®®am«« of tto® r®pid ti»aasf@i»., th® ®©l»t5ioii 
temperattii?® wag not appr«@i«bl^ low«j?««i, 
Tlie tif^roflaerl® ®©14 w®« m®t@i»«4 in fre® « »iisp®ai®a 
taiiik -IS®*!® from a Imn^th of €-iii» Ssran pip®.# A rmQUvm was 
•ilrawri ®n th® @f lifi€®r tof »®®ns of a wsljer aspirator, and ?© 
p®r ©ent •|if.dro#ltt©yi® m«ii€ wm® ir®w«i mp into fell® w®t®riag 
d@^i®e* A iaran tmto® affix®^ %© %!i® ®yiiiii®r .»®nr®« as a 














































Wh® "wm&mwm mm» tli® mmm. imlt^ ®ii^ ?*6 
mf a#M wmrm rmn lato thm F#a©ti©ft ^rnrnmim A 
Bttmtmr nmM &t l./t*i.ii* iafsa ©a «t#«l i?©#« 
at 3© to tli® mntmn%m ©f 
fell#- #WFiiig til® pi»«©lpitatl'Oii. tt># 
»tiri»lttg wmm aft«i? lO wi»» 
4ft®r tfe® pfettifitat® to# %Um mmml 
wmm hoist®# % ft,, mnA the stt|i#r»ataiiit was »l.pto©ii»a 
off into m ii®i*tr«llK#f» fii® pi?@® ipitat# was 
Witt} @ti #Qiisl ¥olt«9 of 4l.itlil.ed wat@r» »i3c®<l 
tb©*»otiglil|f# awn ngstla aii©w#i. t© ©@ttl.#. . fiv# w».s^li*g» 
•sai 4«ea»tati@?i® wmwrn mm3?wtm4 out,. 
• A «i3£tti •aiditioii of «ll»till#i if«t«i» mm mn^m^ aii^ th# 
pr®etplt»t« mm -ffei® wmm ^ 
sipliois®^ Ifit-'O m fl»t@h«i? fol^etlifl«ii#»ii©«t@4 liaste@t e@«tri* 
f^ge* ionetant stii^yimg *a« nmmmmvy imriag. tti« ®ipi40tti«g 
step t© pF#v#wt til® tii@f»lu» flit©j»ia« fjf^eipitat® fr&m 
aettlliig ©mt'* Tto® ©«nti»tfag# to®»te®t wa® lis©# with Ssffau 
el©tli mhlmii mmr^m4 mm tte® fi It ©.ring .rnrnAXwrnm »aaltiifit 
cent.rlfmg® esic® was with #ifttiH®# mmtmw anil ' 
to «pia ti?y» flj® @®atrifttg«t® was elai-lfl®*! i» a ®wali«r 
e®«ti*ifiig« a«d F'Win int«> si ii®mtipaliaE®r Ail mmmtm 
®®lmti®»» from tli# ©©«•»» mmwm uritls 
®©tfia» -eftFfeonat® mn€ «Si8@to3Pg«d t© tii® toain* 
'Tim mmUm fwem th®, was fott«€ %o averse# aliout 
35 p®^ «ettt ftils «at«riml wa® pmt ia mhmXtmp stain-
l#s» »t@«l tr@f» toe«t®i in an el@iiti*le wiffi# to vmrnom 
t:li@ e:«c#s» wstei? mm4 mmtmw of tafiiratlon.. mutmrtml 
wmM put thfottgh a flfil®lilttg &%mp fef ^@lag with 
anlifir©**® ljf<ii»©flmoi*i@ at m t«fflp«i»atttr« of 
th9 W9% mUm fro» %U% ##nti?lfmg® wais pm% ttarom^ tl»e mmmm 
»t«ps as tli@ tiiosplai® ©xalat# toy tii« kmm prmmmm, 
&nd in. tl)« mmm 
In m ttOF«al,, S-lii?» #sf t tli**#® ©p«r»t0ip» @©ii.l<l ppoe@s» 
torn? toat«ii®8, throitgte tli# e»atrifiigiag »t«p. I^tei® wms a 
tQtal #f %3f of tto©ffi-m» flttOfi## on a tiaais* Aetna 11^# 
tt»r©»,gl4 turn final flii0i?i'iiati©ii mtmpg a loss of ®nly 5 i^a '^ 
@@i5t was #vi#aii©«4* 
A t©tal ©f 13S0 lb, ®f tli©f»iOT flttoritf® wa» pp©dt*eed 
ifitli tills filot plant* »©9t .#f wtiioh wa® s»te8«||iA««tl:r 
radtteai t© thoyia® watal with g©CNl i»a8ttlt0..» Sow# of tHa 
ittfowiati©!! trQm tM® ©pa^atioti la aa f®ll©if»i 
It ia u&t t« pi»aitiaat tli® h^#p©flm0rl@ a©i€ 
if thm tliorittw. fiita?ata aolttti€>w la mmXntmtm^ a^©ir« ^*G,. 
f@lyettifla«© ©oatlmsa, prmpmrly appliai hy flaw® appaying, 
are a satlaf»«tory aateFlal for ©©ntalwlagi tfe® praelpltatloti 
^eaoti@!». If l&aetea4 laf ataal., tha ©©atlng nill ©van *ltti-
ataiii the High tampaFatiira ©f tli® i»aa@tloa ultlmat falling, 
itirrar® «»€« ®f faraa pi|># on »t#«l *»©€a mn€ oparatittg at 
m 
Imf ar# foi? %hm stirring o-f %hm 
r«a#ti#a» B«©«iat8t4oa wmUtm i® 
tmmtmf * 4 -tus^tltsr ©f nitrle a©ld is luft itt 
thm ®#Rtrifmg® ea.to %kmt in m r#sttlts in 
th« «voiiiti®tt ®f e©.iisl€@ra:tel# aitrie oacii# f!*»«»• 
Be©iim8-« 0f th« «x^#8«iir® *iit#ri».l.» baadiiijg ifiv@l^@d 
in t-ii# hmtmh pr@e€»#» it if«# ^#tt#i#@rei Jmstifiatel# t© 
pr©<s#©4 witfe %ti# #f a e©^fi.%iiaii©m@ pr###8ii» 
w#»t of a Q&m%±nmmm pwmm&m mmm ttoe ©©ii@tria<stioii ©f m ^teeneti 
mmlm $kppmwmtm» tmr tto# pr«©ipi%atio-ii r««©tioii* fteiis was 
iat#®<i«€ t® tmt thm pwm&tpttmtlmm ©©niitiews antf %h@ 
®pei*®ti@«tal probl@»8 iawlw# in m. ®©ii%i«a#ms pro®#®#, fti# 
appars%-ms in fig* S was 
A i©«IO,»wl» w«.« a®«<S a® tli® r®aeti©« ir«88®l« 
0ifi^« mmtmrlml of e0»»trtt@ti©ii wmm »©% &t pr%mm trntrnmrnt m% 
thm thm @t@liitig ©f tfe# glmm ura* A 
stirrer wmm mm.€m Jte©ofl@s r©i with several apll»«s ©f 
S«©®fl#« w®iiiiag r©€* ffe« «tirr«r na® p@i«@r®« a mmmll 
lal>-©rat#rf wtirriag «#t«r with a ir«riatel@ An #"V@rfl#w 
spout ««pti#a into « hemUmr* 
•e0Oiti«itt0m® fr0e«»s 
'Beneftjieil® 
tii« first 8t@p in thm i@v®1.0p' 
nG.8. BENCH SCALE CONTINUOUS APPARATUS. 
m 
t.li« foip ®©id- mm msSm of m 
polfstlifl#!!# fir©» fsaganfc tiy€rofim©pi® 
»#!€, fw© li0i®s if#y« »ni« ia %.fci® la 6i»® « P#lf-
gt0pp«r was t© perwit s@@®8» Jfor filling. 
Itt %.h® oth»s* Has saalai a p^lfattoflaaa Uttliblai* tulie axtan#- . 
ifig %m tba naelc of tha b#ttla# TUm li®tlsla waa Iwartad aai 
sttsfaaiai a%wa ttia i»aa©tien vaaaal,* tfg©-R tmfelag Joinad 
tiia p®mi?l.fig %© a small BalEallfea terafetia#. wUIqU was 
msai t# raptiata ttia flew. Hiiafi mm te©ttla was wl%^ 
l%qmM mnM tlia %t»«%ta st®f@©e^ was #p®»a€^ ai«» was irawa 
la, threiisli %.li# tei^felai? tttli®,# tuasj, a^twasp^ai'i^ praaawi*® 
was »ai«taifia€ at tfea a©mtfe ©f tlia tmba^ att« tua daviaa aat®^ 
asaatttially as a #ottstaii%*tt@a4 f«a€ taiilfe# «alite':pal?i#«i siiwed 
tliat ovmr thm Mm» to awptf tli® liottla, faJlFly 
@@»staRt flm» wmm p^ssifel#* 
Aiiotli®# tO®0-®l* glass ^«ate#i» ».0iitita4 ora an «lairata€ 
i*®t Plata sarta^ as tl» faai irassal f©i? tha ttoiJipHiBi aitrata 
s©ltttS©n» A glass sipii®® eeatalnlng a r«tawat®i» aiii sairaral 
ptiwsjj ©la»ps on a @®fina®t©r sarrai t© aontrol tfea flow 
jpata of ttia solution. 
Qmpmttm* ttltrata soiatl©®#. ©©fitalRlng mhomt 
t i%.» tii0i»iiw/^l» watar m 0#tl g» th©rim»/«ia* seltttloa, 
was lieat«<I t^ ant aaintainad at tHis taaparatiira, 
Til® fl©w i?ata isf tli® tli©i?lma solttttQn was sat at %® aa»/Miti. 
»®aas ©f tiaa rota»ateif# whl@u was pi*®^l©iisli <saliteimta€.». 
Thm In tlii® %8 pmw ©««t, was 
®i.mvkttsmm'Q>u»ly t© flow at m imtm ®f 6,S g,/®iii, 
®if 7.1 ^m/rnXn, 
Tto® ,i»«a©tl.©«i mm ia th» 
th« ro»«€ was. biillqf, #©iitat*i«€ 
iilw:0@t no liftti€» Ifte# Ifi 
wa# »t%msp%m t© attain & blgto«r 
ttty# iri th@ i?««i®t®f* wmrm not «tt@##««fial*. fti» Iw flow 
i*»t® of tia® ttio^iao »©lmti©ii tlirongli the ©aphstt a,»€ r©t«»®t#r 
eau8®d t©€> ^«at m t#wp«arftti»» 
in an mftmt t© tb# ^<i*#ti©ii. t«ffip®i»iitttf^, & li©t 
^lat# ««» pmt antfw tti« i?#«#tl®« te#«ic«r* this 
•feiwplag* @f tto« 4mmmm Blwmy, ««# th# «iis li«4 t© hm ids* 
Otli«p m,m mmm mm^m iritto tti« ,i?®tt©t©ip ©©titslniiig wmtmw 
at 96*C.. fte®8@ w®i?# »1@# *i@t »**©«##«fiil mm tli» 
%mmpmwm%mm of tli® tto»lw «lti*»t# soltttleii still »wfflei#iitl:r 
mmmXm4 %hm 3p««@ti#i4 that g©®i pwmmipitmtmm wmvm not otetaiati* 
fti® ##tttl:ini©ws &^mwfl&m ©f tl»« pv&€mm% mlwtipy pwmmmntma no 
41ffl@mltl#s* 
It tx>mm tij«s« #x|j«rimiit8 tH«t tit# prlro® 
€lffieulti«® t© fee @aip«©t«€ in «@fitliiiiott® ©ii#f»atlaii wmrm 
tmmpmwmtmm #ootip©l e®ttti»al of tto® flow mtmm of tls« 
:r«a©t«»ts. S.Si3@@ t»otl3 of %Ummm eoiili b# »©»• «ff®@ti^#l2r 
m 
ifitu la mmtm «ioii»ti»u#tJLon wm» 
• fiiot plant for 
Plant memlm. mmm-mmMmm 
mf fh« 
tm thm mwA iXltmtlQn st®ps of 
%li# pufmmmm 1» sHeww. io fig« f. fh« tHorliw 
it«» 41«solir«# in m st«inl«s$ mtmrnl tsnle 
fitted with nil ngitiitor. s©l*itiott wmi hw 
iiigli»pi?«s«iix»@ mtmmm tli3?©*igii e«lls of 3^*»i»* »taln-
l#®« ®t«»l flp®#. to©t ®#lmtl©ii *«» W » staisl®a» 
st®®l pttwp^ f3p©» tti® 0f tti® tmmMf thraiigti mn 
l$,m mi I l/*»iii. ®t®inl®s* pip®# thF©ttgli mm o^i?ifi®#-
iot© %h« 1^®©%®^ ir#8««l* 4 lifp®®® lifi® %®®k 
Into til# l»«atiiig t®wM b®tt®r mntmol of tii® f l®if 
ffittsn® ©f ® #p®®ljillf*4®»iga®i lift paap* 
?0 is«r ««nt iieii was p«fflp«i fi?©» tn® sei4 ili?w» 
to tto® i«®«©t#r» A #®%®il®d €i«wiag ®f ia »lio*fii 
in fig.. W» file pvmp wmm of m l.®tigth of 
S»iii* $«r«n pip®i #le»®i m% fecstto eai® wxtu Bmwmn pXpm mpn* 
ITh® »«eti©ii si«® of tb® pmwp @©iisl»t®#. ®f m Smmn^ Umll 
0m&k valv® ill m' l/t^ia# $»wmm pip® aippi®,. fh® pi»toa wmm 
meMS.mm4 from l-iii, Mmwmn ®fe®«t#. «»# tu® »ii«ft wm» l/t-in*-
























FIG. 9. CONTINUOUS PILOT PLANT. 
ft 
FIG. 10, HYDROFLUORIC ACID PUMR 
m 
i» tfe# p%m%m mm « iisic mt sii#«% 
ii#M %& tte# ,pi»t©ii mt .tli® .siiaft tof m mmmlX .paneliM 
o«t .of .l/S*in.» f«fl#a thm ,©»tltt w«s a ..'l/g-iti« 
Saran .pip#...iilfp4«>, 4 .teritss .llataig# tli# »toii.ft 
t© mm ®tt« ©f . «4^t fe©X«» #B m 4riir« mmm. rotntliig at m 
tiila p«iwiltt«4 aiglit iSffarent stw&M® iaagtfea wttm 
tlm. mta#.*, 
fha wi#« o.f ..lyi-ia* ataal .plate#,.4»*.. in 
i i a « a t a r . - 1 5  i a » , . i a a p #  .  f H i a  w a a  n m m w m M  m  t f e a  i a a i i a  
wStti :p@ifatlifla«# amlia4 a.flaaa^apraj.taatotiifiia.:. fha 
*^a©t©^ waa «©mtai aatap a «©®iaa aatt©tf liocii aia© 
a#.p¥ai' .as a aappeift fttea iow^apaai ®@t@r pwaifitig tiia 
agitator f@r tlia ipaastdr*... ftea agitat®i? waa.waia .©f. l/t-ln* 
Sa^ipaa pipa an4 flttlnga aaaawtelaA oa ataal j?^a 
tmr plgilllt^». ^aat®i» waaal was appf»©aiiwatal3r 10 
tl»«a- tfea ^el*»a tm tua ®©»liliia€ flow..of ^©tls-
.f^aatant fm 1 «lfi« Thla waa 4aaig»a€ t# ,i»r@^Ma 
ttia iG^witi* ,-b@l.i-utp at. til#. pi*«@lpitati®ii tafflparatwra.. 
Ijot tl»arlm» fl.tto:rlia alari^ evaipflowa^ ttor©»,gfe mm 
%ml%m€ 4-ltt* ataliilaaa ataal plf®# with^a 3S-iKi» laiigtfe.ef 
watai* .^«oi?et tmr ©-oollngir audi afflptlaii lot© tli# fa®<l i*®a«inr©ir 
of a ©©ntiintoiia, rota,i*ir S.i«eo fiit®r.« fto® .filfear .«raa 
.18-111*., in #la.«atar aM it^ls. .wMm ,mn4. waa. a«¥«i?a€ ifltto . 
Saraa @loth.. ...Spraya ©f iiiatillai naali watar wai?® .pfovlAad 
t© fanllltata ,ra»©iral ©f tlia :©#alm4## .ultrla a#!#.*- ttoa . 
mmm @c33.leet#<l in st#®l tvmjmi 
Til# itttrmtm was ©©l.l#et®i la m tank* »e»%ra3.is«4 witli »o41iw 
©mrhmm^i mu4 «Sis«iiar§@4 %o %hm toata* 
tli« »t«p ©f %m pwmmm^ tha appai»atm» nhmn 
in Flgi 2.1 Has f-iia -drlar was »aia ®f ati i-ft*. laagtfe 
of mtmtmlmmm ataal tmti®* A nmrm naa siala #f afeaia-
laaa ataal aolM fll^nta naMa# ©« a ataa^anS .l-in* atalii** 
lasa ataa.l pipa* fha pitaii ©r tlia flighta waa 1 iti* fha 
a«*»«if ifaa ponara# Hsr a »©%oi*^ a. gaar^ratttaar*^ an^ a 
etoalfi. an# aproateat fbraa tol^a api?o®^a%a awM. to# 
uaad t© ftita aai?aw apaaia l* S*i#. aa€ % 
JP«a€ watarial :fi»©ii a awail lioppa# waa^ nofai bf a aereit 
faaiaf;# aoiialatlfii of a poUfatt^rlatia ®©ata4 mm^ * 
ataialaaa ataal pip# mlpplaj t© a wittiaal •^i'op into ttoa 
te©% ©f tha di^lai?* A e©ii.ataipwat^ta€ tj?ap€©®i? aa*»irai t© kaap 
tlta iPlar a# aii»»ti#it mm poaaifela* tiia faadan? waa p©war«€ 
fey a 2./15*Jip* vairiateia^apaail #i*aiiaffl tm ©ntlat 
an# ®f tlia tibial* tuhm wm» a ^aiPtieal #i»©p aoatalfulrig two 
eottiitafifalghta# trapioora* fisaaa wmm fitta# witti waatoaiiieal 
lla^gaa attah tliat tliay mm ©paaa# a aplima ©*i tl»a ®&vm 
aliaft* ftoa d©oi*a ita«Nt opaaa# altarnatalf j €i»@a pai? i?av©lati©fj 
of ttoa a®3Patf* a»4 ©loaail aiitoaatieally • A pipe^ laippia 
waa walilaa t© ttoa #i»lar at tua lalat m& that a vaaum® 
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FIG. II. CONTINUOUS DRIER FOR THORIUM FLUORIDE. 
i6 
4 Isfigth, of th® wm& wrstppm4 wltu ««li@st©» 
#h@®t worn# nitfe mlm&trtQml mmlmtmnm wlr#*. 
©irettlts ©f mh9ut 1000 nattji ••©to ir«^ tt®«i with * 
powerBtftt in «»@h s® that along th« 
i®iigtli e©mM 'hm at *111 • Thm windisigs w#i?« ®€>v»j?««1 
with sta®€»yi ®»gi4«®iii pip# in»miatiois to »iniiii«# li®«t Xo®». 
Six iy©tt-®ottstiiat®a t.ii«w©eo«pl®ii mm mpmm^ at It^in* 
iwterirsls ttl#iig tii« bettoe of th® ummtmd s«iiti©ii. fh#»® 
wer# €ii'®#tlt t© til# tub# nail aai mmwm »hi#ii®«l bf 
hwmMmA wiwi to in^wi#^ «l®@ti>o»©tiir# 
fh# mtlm ii»i@r asseafely wa® is©wiiitaii o-ii a sta#! tmms 
with wheals for graatar »©ifeilit^# fh« aapaeity of tti« €i?i«f» 
waa »ot @©wpatibl« with that &f tha praeipitatien mn€ 
filtration, portion @f tlia tilot plaftt... It waa fait that 
m a aaallai* a©ala, tha aaatiott^na irying to® ®«>rNi 
raa^iljr i»watigate-d-. In a pi»#t©aa<l plant with a largai* 
•#riar, «®»tiiiiiity of tlia proaasa liatw®aii tha two atapa woiali 
©ana® no pi?ol>laffl® . 
^aratieii*. /fha hfi,i»ofliiorla aaidi ,pi»p waa ealltopatai 
foi? the 'rarisma , pwmp atfoica laagtha # A laiigth ©f T^gom tttbiag 
fi*©« tha pt*mp afflm#iit to a p©lfathirl«iia @ai'%©i' oti a saala 
tai*«ittad tha ealltoi?atiofi Xn tmrmm of wai@ht, Tha thofiii® 
aolatioh flow .rata a©i*a?aap©ii4iiif to ant aala@ta€ h^<li*©fluopia 
aaiil ilmt rat® waa €atawii»ad toy iiaa ©f Fig# It* this p?aph 
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70% HYDROFLUORIC ACID FLOW RATE, CQ/MIN. 
FIG. 12. REACTANT FLOW RATES FOR VARIOUS CONCENTRATIONS 
OF THORIUM SOLUTIONS. 
eonstmaetei from aslewlmtion#., ailowiag 
for m t p@T ^©a'fc ©f «ei«S*. 
til# »©li«%i©a mttimTmtmr w«® fey 
^olira® for tempera-
tmm-* *©1? all r«u«# m ®©a#®is%i»«tion of 1,0 lb» tls©riy»/gal* 
ifat«r or g. tfeorlw/©#* ®#l.iiti©fi mmm iis##» f©r * ii:^€ro-* 
fittori® «©W rats ©f If? .3 ftH« ©©rrwpoMlug 
tli©rli» liolmtioa fl^ mt® m® a«*/!»t«.., 
fti# thommrn m&tmttm ww liy mmm of thm 0t«sw 
ss©ll8 %& % %®»p#r«t«r# ©f f6*§.. #n# wnintain©# %mrm* 
mm ftlioriiiB pmp wm» nitli mm toyp««« wmlrm 
fis#n^ tts# fe^rpais wlirt mi® mlmiw mn€ tm 
mlir« t© tti# r@ii®t©r wmm &pmmmA matil tli® pr<»p#r mrioweter 
diff®r»n@« on tfe« #rifi©®w#t«r i*«» attained.. St»tilt»n«©msl|r, 
tli« *iy€r©flm@rt© pw# ms »%gtrt®€» fti«n, tfe# stirrer 
in til# r««®tor ¥®«s«i mm t«rii@a ©»• % fflniaiiitl ©oiitrol ©f 
tU# two valws,. tlieriwffl flw wns »ai»t«lti«4 mm nmmwlw 
mm pmmXblm at tii# wmtm* 
%m pr#ll»ioarf triiklsv mm&^ rtia mm® dlse©i»tlmii«4 
as @©©a mm tn# r#it«t©r mmmml hmA fill##:. At tiie 
eoi8feia#« fl^ rmtm ®f 1,11 giV^la*# tli® tlmm mmm 
11 •T »in* 0<>iitr«>l ©f til# tlsoriti® «©l«ti©fi r#%i*ir®4S. @©iri»ta»t 
m#Jm»t»«tit 0f tii® wmlrmm» ma# tli# flow wa® #rr«tlft.. It Im 
ii«li«v«€ tbat th@ h&t sol»ti©ii was flaiiliiag in %hm ii3sl®t sti® 
©f til© pimp, tliti# l@a«ifi,g t^ ifmpm *m%vmm* in tii« llit«» la 
39 
all %hm mmuM mn mmmmm ©f ®©M mmm 
an# tis® wmv® 
la mmmmAtm tli« mm&%&r ^####1 wm fill®# m€ 
t« mm mtmj? iiitO' a lSii#d lia^®l,, thla 
was pravafit #«»a^ to tli® flltar I»##att8a ©f 
to© liigh a fla@rii« eo«t«iit ia tti® &lmpwwm It wa® tiiat 
mm ailtaticm ura® met to th^rongtjly wtx tn« 
i?®a®tamt»t altis®«gli a g®#i p»®ipltat® was «©ll@@t®i in the 
liaiwl, fta® tiaat ®ii®liaiig®r to ®©@l tli® ®ffltt««t 
wa® net %4m%mt90 a»i tii® mlmvwyt mhlmk »®i^al1lf 
urstiM t© ii3e««tlf t© th® was at a tasparatw® of 
6§* t© fi*0» fiiia 1® to# #©ipr©atv® for 
atalfil®-®® at®®I at t^aa® #I®vat«i t®sp®rattii;>®8* 
It was e©a#iu«®i that »©»® w®a»a ©f f«®#ing otii«r thaw 
a aaatrifm®®! pvmp. li® inatall®# tm? tte® thoriua a©ltt-
tloa# A gravity ef»t®w,; not poaa.11^1® tto® axistlag loea-
t,i©n.^ aolw tii® flow ©ontrol pr^teiaaa. 4 m&tm rapi€ 
.rat® #.f atlrring la tfe® r®a#t©r vaaaal to® ^aairalil®# 
and a toaffI® arotts# tij® ovmilm ©f«iilii,f Inattr® l©iig®r 
.retentioa tlw® Im tli® raaator vaaaal a?ii tii«r«f©r® a4e«i*J^t® 
hoM-np ti®®# It if©itM alao to® ai¥laafel« to mM a teoii 
ta;n^ aftar tli® r®a@tor an# teafor® tt»® filter.* Tti.l® taali 
«©al^ hm Ja©te®t«# to prwiiS® »©r® ®ffl«i««t «©©littg ttoaa 
tfet® steort langth on tfe® alurr^r oirarflow e®ml# effeet» Wltti 
th®a® aQ41fi©ati©»®, it ia fait that th® preaipita^ion 
phaa® ©f th® proaaaa tee aatiafaat®!^. 
m 
BtmTw tw&m th# was t© #©©1 %© 
r©^» tmmpmwmt'mtm wm4 was ©a %hm ^ota-rf 
1S«@© fh# filtw wa» ©ftFmt#!! aft m 13 to 
l§ In* of w«jr€a3?|r witu « @f#l« of i win* mtmm ©f 
alioat lt*t Ih* &f tk&witm ft» W®.P# 
f©ttfi€^ til# ©oataiaiag 10*S #«»% «olMs# 
w#t isstoi w«-a «ii.lfe» ia ^iirottgtioiife 
%hm wmwtom .mas and <i@iitaia#i mn averag® of %i»l pmr ©ant 
fh® fiitai? mmm c^aratad wi%lj mn4 wllsliotit waati watar 
%m %-•»% tua mffl^tmmw sltria a©ia mm&ml f3?©» tha sa^a* 
Sa»tla« of tua wat aatea In a 
a«aXl la^oi«at®3?f #aa%rs.fmga* and rapaata^iy waafea<i.#. -an 
alit:w©t #f %lia t©ta3, waaliiiiia was titmta#.* an# tba total a©i.4-
ity aaaoaiata# witii tMa wat eaica aaiipla was 4atai*»laai,* Aftar 
tiia wat aatea ha4 hmmm Ai?lat in a ataaw^liaatai finpnaaa at 8§* 
t© for 3 lir*,, aas^laa wara ta^a« ara^ ti?aata<i alroiiarl^* 
Wltu ttoia i»f©i»aBati©*j.t ttia aoli€a eoataiit of ttoa slt*ri?^ mn4 
wat emU&$. tha 4mmity aai. aaiiAtf ©f tlia fiXt^ata# and tha 
rata ©f tha waab wata^ asa## St waa ]^®aaitela t© aaiaiiXata 
tha ^i^riaiott ©f tlia aat4 ifHitiallf ff^aaat in tfea aX»lf•1^*y« 
#aiiafaXlF» ©f aei€* ualns waah 
watar# f«a aa foll^was 
Out with flitrata 
I*ost. tn 4firlng. 
I»©ft in di^ oatea 
10©.O # 
ix 
In: 'ruiia using. appi*oxiiWit»l,y wit*®#® nasti %& 
mlmmpyB: tti« • folloping *«.#'foaa^f ^ 
ia ftWmm 9f•* ^ 
£o»t ifi tfyifig 0*% ^ 
Zmtt in 4ry ©Ali« D.».a 
•fli# €iir ©iilee Tmtmrw®^ to ab©fd i® tbat €^l»g thm w#t 
mm%m mt th# 8f* to ^*§* the «®ii%«iife 
WM f3?o» .S to- 5 p®i» ##at. It ©an @©»©l.^«4 tto® tas® 
©f mm»h mm%m ©ti mm i». atf'raiitagaims# IPiiiis.* im 
to *^»moiri«ig alaeat mXl th® m®M twom %to« ©ate«# 
wnsiiiiig prnwrnttm mil ^hm to to« ®©ll®©t«4 at on® &tmm 
of tij# pi»o##ssj aatelag, ©.f ti».» a©i.l «©i»« faaaitel#. 
Is ail fiit»ati©!i» of tti« n© -^Gmmiom of tii« 
@tainl®«« 8.ta«l ft3.t®r «aa r#ga*^l#.».» of th# 
«3t@®«» flii©ifi€« pfasattt In tli® # fills waa vaa^tflea-
tiofi ©f f^8lstai»@« of stalnlaaa ataal at i»©.o» ta»t«ra» 
tui?® t© th« a®i#® pf©€tte®i tti« raa^ti^a,. a«€ ft^tfear 
l»ii#at®<l tt*® Head f©r afflelant #©©lltig of the aluri^ ipi»ior 
t# filtration• 
4 Qt rum wmm- maia qu tlia ii^ing .apparatiia 
iiaiwg tli©f»itt» fluiofli® of irajrlfnta Moistuf^ @©at®iit.» f»ow. 
to 5%.0 p«s» eaiit# P»®€ i*at«® ©f S t® i g,./»i«i* it«r® m»a4# 
bttt til® mmm spaa# *a8 :te®pt at tlia lenaat i»oa»l»l® rate, 
I rmp*m.» fliia ra#mlta€ m a fat® @f ti*awl of the- flmorii® 
it 
tfer&iigh thm mf 1 tn*/m%Um mn4 « ttmm In thm. 
#f §©•• «!.«* Wm- »©»t «f tfee !?»»,. tls« 
-dAstfitoatlen wm from lit*®, t® in %ii« first t ®f 
»i»i for %hm :#«ttitlri,liig In sow® 
tecw®"9'«ie^ itaittml ©f ow wmrm 
m#®## I«i »o»# imas# ttei# win- ©f %-in® #rl#r wmm 
U®14 «t %0O*€, 
thm pmmwmtK^m Wm eir©ii,it» wmrm 
fwa# tin® mmn up t©^ ©t«i»stlng 
tmpmrn Wtimm tli« tmpmwmtmm- <ilst*»lto«ti0ii wm 
til# wm •tart##:# Br 
««a»s of ft ir«t«r ««piFat®r# %m fBw#® fit&m %m iri@r mmrm 
irawn. ©mt a«€ hW\^lm4 thr©«gfei mtar , Mmy «sliaiig#ii la 
ilwrlag a ran w&wm W Sttlta^l® 
a€|tt»twi»t ©f til® p©w«r»tmt»» .laratl#ti of tii« rima w«» fro» 
$ %m 3 t»r* 
Ir. |ir®ll»ln«ry t«»t -i^ns# :siifflpl«s wmm taicera at 
l'at®i*ir«3.® of 15 «lii.: M'feaii analfisai# lit ttoa €«s-
©rlte®€ 111 ttoia &pp«fi#i3i# tli«f pwmm4 t© &« aalfosrat 
l«i€l#atlttg. tiiat tl»« waa ©paratlag at ataa^i atata, 
an-# ttiat. tlia mat*wa &t ttoa pr©i-w®t €a'i»«-iiiatf' al«oit 
on tha rasl#afi#« tlit# a«i€ ti^a tami^aafatmroa • 
-Smeeaasfml €rf lag mas wmwm. »a€# with tfe^risias f lusrUla 
initially eoQtalaimg. fj?©it $»6 t# far eaut aielstura. 
I« ©w# mm., a ai^ist^ar® ©©citarit ©f ©.tS par @«at an# aa #*!## 
m 
content p®i? ©#«% Sfe^wlng, tli«k% 
prodiM@ti Is possltel®. In g«tt@.|?iil,. th# final 
woietmre #oa%«a% v»rl## .frow O.T t© 1.0 pmw e«nt, fit# 
oxid# mm%mm% wmm @©a»istoutly ©.t p#f» .and tto« 
w»l^t rati© ifft» aiottt 3»10 a# to«para4 t& tim 
tli®oi»#tle«i pi?o€tt©t, with »©istai^ ana oxliSa 
eotitarita in. rmngm, *f©mM a©t hm amitatela 
for r«#»etion» 
Fart @f tto® iiffie»ltf app#ar«4 .t© to® #«• to ttia 
i.iiaie^^aa@j @f t^« #rl®r aa €«ai,gii®4» In #p#ra^ti©tii^ tbe ser^ 
flints, war® fair.ly ftill of ttia ttioriiw fiti^riia a»€ 41^-
ii©t pro^i€® a paaaag® f&t tb® rmpo^m to to® re»©v®«# Aa a 
r«8ttlt» »oi®t«r« wmm irivait t# tli® ontlat «»€ of tti® ^rl@r, 
whmm it eoii#®tta®€ teayoii# th® beatai aofi®., Thi® iiffi@wity 
•wmm »#r® pr©nottfi@«i in wmm in uliieli th® f®®i waa tn® w®t 
mmkm €ir«©tly fro» t.b® flltra.tl©ii#. In t-li®®® lii®ta»-@®8# 
»oiat»r® m^m4mmmma lnt@ tn® amppoa®#.!^ €rt®# proHaet. Mow 
®ir®r^ woiatttr® mM oxiSm aoataata war® atill ©©wparalile witli 
©tlier rmiia * 
B&lk t®is8itl«a of tki® pr©€a®t@ frew th® tnrliig rttite. if«r® 
l©w, froiit !•$ t# 1»4 gm/rnrnm fhlm la l©if«r tliaa th® 1,6 t© 
1»8 g./oe. attain®^ la. tli® ^ateh d:^ing stuwll®® a.nd th® 1,9 
to 2»1 g,/©®» r«p©rt®4 toy Fataraon at al* C®)* 
®®apit® til® apparantljT poor prcsi«#t raaiilting fr©w tb® 
pilot plaat dnrtag rim®, it la to«li«-r@<i that witfe proper 
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4i»l«r d®»lgR, turn ©«ii tee 8ae@«s»^»lly ®a3?a?i#«i ©lat# 
•fto# Jflii®! «ati hm lommm€ ia<s*»»aslng tu© 
tiw€ lo th# i«s»# M%%u a all-0»i«aa# • 
for nolstw® »«©-»» i «% th# low»t#«p#i?a%-ttr« «fi^ of t-li« ^wlmw^ 
%hm p'^wmw^T@tymtm wii:i@-h pra4*i©©#' tlieipJiiiiB ©jit4® 
w©ttM A rotary @i®©trlsallf 
h#at®€ aa€ ©-p®.p®tS.iig mu^mr m vm^mm:, i»i?©w ade^aat®. 
In ©wot tfeat ©iiitaljl® pi»oiluet mnmt li# pr«»d«ce4 
tte© i?ee©w®«tiil«i #tttipat#n%, ©r tiaai th# hulk ie.nsiti®® 
%m l©w^ ift i« -tlifafs p^ssifel® t® s€i a final m%mp 
tm tm pr©©#®®. 4 ^ferikfeliig ®t ai?@»ii4 
witte »» ©f f will 
*ttf i*#s.iaml rmmmmwt tk^rims mmMm to thm 
iii©r®as® ttm temlk €«ii»tty ©f tto® ®qttlpfflen.t 
0®mM hm thm sa«® as mm% ttttlis®# in %hm. Ammm 
©xslat# ff©a«s»,^ exmpt tliat mly a fraetl.®ii or %m 
tlm^wtQ a®ii ii@ttM r«^«Si»#€# ««<i r«sl#«a€J'« tia® 
©oiiltf Ij® »m«h 
I« thm mhmm p%l9% plsut ii©rlc» f®x*%l¥®ly u@m fehoFlttw 
%m%wmtm4wmt® mmm «»«#» Xa thi# tli# 
&t i»a.#lm«^asS %wiW-iap iii thm- prmmm wmwm a^©l4«<S. A 
.©o»pl«t# ®%m% of til# profeleffi as related t® thorimm p:p©diiii-
tion ija# «ai# hw Wii#f |i%). 
m 
m^khwm 
111 mm tli® mmn&mlQ tmmmiMlltty ©f 
%te# pi?o@©»at •» #©»t uttalfsls w®» »« 
« 
pi»©p©«@€: plmnt wmm t© %• F«ri»»W» mnA th® 
fn«^i4©tton mtm mm» %©• % %&mm &t tliorlmw pmw month m 
%ermti©a wmm mnm%4mw4 %i? f&w <s«« i-tor* aliift ,p#i» d«y# 
S » pmw mmM., % whales, pmit ®©«th,. m m total of 3.6© worM"* 
ing Ummm i^«r »@.iitli» 
th@ mt @©st analyaia wmm an apf**«ii»at« ob® a» 
©tttlinirt %Mal C%|# a»i tba ra#t©*»8 mm tmUmm f^om totla 
arti@l«» m^rnXprnrnt mmtn tm mmt m»mm wmm: tmUmn fmm firm 
tmot«ts.®o8 or teonii @ost® @f ©atlatlias th«i»i®al 
©eats mm tha actual mmtm in ^paattty lota, 
fna label? f»attti3?a»«ttt waa aaawai t# toa tm?e« ««» par 
alaift wttu mmpmvwlat&m aow-int twm %im tfeorittii pr©iiiati©ii 
ataff. It naa that tiia plant @owl4 tea ©©aatrttetad 
iw ajilatlag ^iilliin.ga# •»« aoaaa^ttaatly, n® or 
iNtiliitti aalatanaisaa @®ata nar® iii.#3.«€ai» 
A fmantitatlir# t X m  aisaat t&m mm pmoposm4 plant la 
glwa In Fig, 13 m ^mwtitlaa aiicawis ara f&w I lir« ©f ©faration 
at th« rata# #ai>a@itr § tona of tlioriu® par aontta aa 
#aa@rlte®t afeava# In. ©riar t© provi^a ttoa f toaa ©f tliorinffl, 
attfflalarit tto#riiM. fii*ori4a ia praalpitata# t© allow for 
loaaaa ©f 9 par ©ant tlireM^toat tha preaaaa# fhmmm Immm 
PRODUCTION RATE'  5  TONS OF THORIUM PER MONTH. 




























THF4= 90.43 LB. 
HNO3: 73.98 LB. 










166.10 LB.  
«ATE 
73.54 LB.  
F I G .  1 3 .  
H^O ; 1093.36 LB. 
I  i  66.90 LB.  






ar« on tit# ef 4»#@ Iiateo3P«toi?:r i^rsona#! with 
th® pi»©e®@8,, Wp to thm thorliMi f%uowX€mg loss#® 
In %m iir®««s8 are mmttmtmA to ©f tis® oi^®3? &f 3 
®«nt* TmmmlnXmg, $ pmw #«rat %m ia tli« 
€«sifi0lttg,. mn4 #««tiBg »t#p»« Witlm ttoe®# 3.©®®#® 
®i*« R©t ®f®elfi©aXl.y m pmwt tii® pi»ot®»® vtmAmr ®©ii®itf®#«» 
tiott# tti«f wttBt f®r in th® iwitl«l mm M®t®pi®ls 
@0®t4 
fti® it®»is®i pi«®®® of prmmmm •qmipm®iit mt»& tki®it* 
«®»t® «fe giir®ii. in 15* IPto® pi^Il»ta®3^ talsuUttioii 
©f ttae mQmmrmtmn #©st 1® ^.-wm in t«lii® li* 
#o»p«pi®@ii th® ii®t pr©®®®« «0®t tm tto®t #f th® A»«® 
iixalmt® i>r©#®»8 is itffi@«lt in ttiat m mmn% mmtm #f tl5® 
©nalat® pip®@®«® mtrm «v®il®te3.®* ^ ml.* of 
€®t«l.fti® «on®tf^®ti€i« €@®p®fif (l| git® ®n ®»ti»®t® «»f tn® 
As®® pr0@®«® ®o»t ®® ®f ^wmmKpy^. Ifft# fli®r® mmt hmmwmw, 
®«v«*»al aotsfel® ©ffli«®i#ii«# fh® nitri® ®®M ii»®i in tij® 
PF©®®«» is csiiitt®€^ m^0 l®»»®® mrm n©t®a^ n© 
®€4iti0n®l ]?®if n®t®^l®is mwm- lis®# to @i»]p«n®«t® for tiii«* 
Mli®n tti® ip*0t®d fitttr®® -mm «©tifi®d to inelnna® tto® ®®ffi® 
p®Fe«n%®g® l..®®s®» A® *i®®4 a^@v®# ®iii ##w»#n»w«t« . a»Ottat 
mt -nitria ®®ia i® a##®4,#.- . turn .®©«t pm^ -pomn^. ;®f. tH-Wii^.* 
tto®; thofiuBB , fittorM®# -i® $S»©i« , 
tis® w®t. fr#®®®® s«®» t® to® m&wm ®®ott^i@al tow 
®ev«i?«.l ,ip®asi>fis* . ®©st® ©t nitri® ;®#ii «n« mml%% 
m 
15* §QBtm f®r Wrommmi 
l^sSst i tmm of thorXmm pmw 
It#i» 0OSt 
t fantoi 500-galIoii# 
mtmmlg Jaeketed 
t S%lrF«pfi# st«©l# 1/% lip* 
I fmpi. Mmtmg t©sitiv« 
1 lltttatlQTi -vmmmmli l5-®ill©iii p&tw^ 
l H0M %ank« li*^3.1.©8i p©lf#tiiyi«ia# 
Ilii«€ mtmrnlg |iiek#%#€ 
t #««i* iM an# 
1 wo%mitw$ %&*»%* ft.# 
0feiki.iil«s» witte 
1 Motrnwy 43?%mws »%««!# 
«l#otz>ietl3.f witn. aii%lii«a?i«s 














«tmip»eiit. mmt C3#l e©,st} 
*Fos* Mot for f-li|r»ie« 
irate 1# li* WmliMimwf latiwat® f©r Fr#p©a## Fpo^aas, 
Batai 3 t&m ©f %hQ^i.im pmw month* 
Baaiai l -peani ©f ttioFiw®, 
Wnitm Unit totals 





ifQ pmv mnt) 
watar 
Hffif©f. a@ii (a»lit4J!»@i*s| 
Wmmjp 
Staaw, 1000 %h* 
Watar#. 1000 gal* 
.Ijiboi? 
t»is #%.866 
0 ' « i f e  •  t»ii pii* 0.18 0.02 0.099 0*0^4 
o*to m* O^tf 0*050 
©•€% mm 0*01 0.006 
0.003 .OtOOS 
o.oos O.Of 0,000% 
0*05 «aii 1,80 0*090 
lii**. 
Oi^aytiaa^# pafi?©li 
{0*Tf tl»es 0*071 
fotal Bii?a#t 0©fi^apai©ii §oat |§,t2S 
IfidJ.i?a#t f©»t 
Co.to par faai* ti®## <i©at) 0#,tfi 
total f#«iirarai©u f®at 
w 
mi*e Mmmm9 ©f %hm eontinmow# of 
mm p-rot#»«4 -pr©©#®## m ©o««4€«3?«fe3.« mm'wtng. tm imh&r 
is tn aiiitton# Wm aitrle *@id 
®wl^«a. la tti# -©aw r«@oir«iF®i* i-ii mm 
pf©t®»s f®r tfe# pi»o€.tt0ti©ii ©f tte©rs.tt» fi»o» 
m-Qmml%m sa»4# th# ael€ ©©m3.i fe# m% «». ©arli#!* 
stag# of %hm @©ttv«i?si©©* this weaM th« @Qmt ©f 
til® fliiorii# tef |0*0S .p#f 0f tUmwiwmg: 
assaralfig -fO pmw ««»%• wmrnmrnwfm 
fl 
I*, k mett f!»©#»«» fm %hm &t tte©Fii*w- fliisrii# 
gmitafel® f©r tm %hm »%«! haii to®#n 
til# piafit st«s«* th« pwommm 
mpp^mwm to %9 h&th fmetientel® mm€ mmQmimlty f«a®lfel@. 
t* T!i©i?iw mm 
tljorlmw altimt#- solatl©«». liavlfig ©Qn®®iiti?atiott8 fi?©a 
5.*.0 to t*0 ito,i mt#r#. 
S* Hf^r©fltt©3fls of mmf ©©aeeatratloa. #afi hm In 
%to« l>i?«eipitmtl©n.# altli^ugh*. In t© »S.irii«i8« pwp» 
li3g ?©• pmv mn% m&%4 im 
tu« tm thm 
ar® ft® fQilmm* 
tinttpsyatttf® ^ f©* t© f5*0* 
'Sxmmm& hiy€i?©fl»®f»l# «®ii • g pmr mmt 
loid^np ti«@ at %mmpmw&tmwm •- 10 t© 
It mtm 
. fli# pr#®3.pltatlo» sb«»iildi hm mmXl agitat®^# mnA th® 
i*«a©tQr omrtlm stiouli la« to short-
ei**©mitiiig the rmm&tmmtm* 
3* mpAiurnw^ mtmml, polir«tlifl®e# l.lii®€ tof m flaw# &p^mw 
t#©lmit*4®# is a ssti#fa#t®3P^ ©f «©»stru©tl©ia 
top mm mmmtm #»€ tii# Holtf tank,. 
ft 
6> If pr«eipl%at«d mt tu® afe®v« eom-iSltiofi®* 
hydyat;«iS tiioi'itt® finori^® is r#a4ii^ jfiltQretf on a 
eoa^iaiioiis r^tsrf flltert Mmmhtng of tlie filter mU® 
s®i*v@-s to r«»oir# al»©sft all tli@ tw-&m the w«t c».ke» 
'thm wet <iate# mQmtmtm 46 p®i» ©«i»t li.qul4m 
itala'l.##® st##i i® an mmtmiml ©f 
fer tli,« filtert if th® ulmrwy Im mt p@#« t#w:p#ratttr#» 
T. Iti a p.ip©ip#m-#®si^®€ iri@r,, the w«t ®ak« •©©« hm ari®^ 
t® »@«t tli« 3.dif woigtiw^-' »p##iri©,®tlott for 
fe#®b r®€iieti&n. tli# p?«4i®at through tH© 
€riei* sii©ttM to® f^oii mt tli@ liiMt ®n4 t© 35©'* G,* 
at th« ©mtl#t eni* If « •ra.^iiw is irawu at the ifilet 
«»€ to tb» m&tmtmam tli® piri?®hydj?©ly»iB 
t© tii®'i»lttii ©xii« te@ negligitele. 
Bm Beeaase tli® low-t®»p#ifatii^@ dsfi-lng p2?oittee@ tiiori«« 
flttori^® fesifiiig m t&w femik d«iisitf, it mmuld sid-rleabi# 
to ifieliii# m finlahing @t®t i« tii@ pr©e#»s*- 'Tills wouM 
©insist ©f m teigli-t@»pftFatiir# fiaa?aae# opeyatltig 
at «b@tit 5fO*C. ®ii4 mB4«r at«#stti®if@ ©f »fihfir©«s 
p.. *rti# di»i#i» #«R b# ##iiati»tiet®€ @f ©talml#®® stell., mhll® 
th« finishing fttrna-©® @oal€ be «a€« #f Iii©©n«l. for 
a##%tt8t® trnmpmitmtmm mmtwolg «X@-eti»leml ii««tlwg 1® 
for fe©tli foraae#®. 
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!• H. fi* m.% mX* S# Ato»i® SR«^g^ eoiBmissloa 
mp-0i?t 0ee0-TOT^a«®ai»y l6, lf5t. 
t,. Wfc S» S» Atewl® §©Bffii»si©a Eepopt 
ISC-193» Mov#wfe#r 15# W3l* 
3* «, W* S.*- AI;o»t® la®rg^ #©»»ls«i©ia a«p©i*ls 
ilir®la !.©» If52,., 
%• %bdal.# S* ©. fcgiii«»i»ifig «fi4 «@#noinle ©•raliaation ®f 
Sng.. %ii 37^^*- 1950• 
§la08toa®,. Saauel* SoixvmmhmM ©« ittoelG ®n®rg3r.. N# ¥•» 
©* Van Co.,. In®* W3^* 
6* Mmll&r, J"., »• ©ow.pi^h««8lw treatSs# on inorganie 
thmommtiml f®3.* ?. t*, l*0ii^««ii.^ 
«ni to.# Iftt* 
f, 4.» ^ al» ®.» S. ara«i?^ §0»wis»ioa 
Bep@rs^eS8fi3* tf* 
S» W, ». «t ml.*. H. I.* ai«ifKr •0«wis.»iow 
mp0rt 'mz^WmT' Mmm &3, a.9§t. 
f, loiitn,:. Jf , 0.» S» Atoffii© .lii«r®r- ©©aalasloii E®poi?% 
mw, 
3,0* S@ottt. W,. $mm4mwii «®tteo€.# Qt 0hmmt0Bl mmmlym^»» 
3th ##» ¥oi* l» M., Y*a ft* '^St.a ll©«%i"mi«l In©.# 
list. 
13., Sp«€iS.ng, y* H. !• .§• A.t©»i© aa«i?^ 0©is®i»si©n. l«p©Ft 
lS«-6» my 19*T» 
lt.« • W» ktmmte m^rnwrn ^©awlsslo'n llt®©rt 
"—iweMST- tit lf*S. 
13.* Wmwf0 J. ©-# H. aad Tevefeau^# R# ©*• tsffo-
liy^rols^sis iti tli« d«|#i*iiifistioa ©f .flmorl## a.»«a 
oth®i» .lial.i#@s# Ati«l. t6i 3%S-6» IfS*,. 
1*. Ilil«f#.. #ol«a S.,. S@pai^ti©a o.f ttoorliw aad .raiiiw-tSS tear 
0©lw»t Osp.»toll»li®«i^ Wh^W* ftiests*. 
4®«@, Iowa* Iowa Stut® C©ll®g@ Mtearf* lfi4. 
n 
mmmimQmmB 
•1?h« writer mmpwmmm hi# «:p#i?#@iati©n to 
®F, .il©i*t'©» ®»mtg i&w is-ls and mmmtmtwmm tltr©iifliottt 
til® investigatlQn# 1?lj@ authoj? 1» a Is© to 
©. Wmllmp «a€ A.* tli@ir as«lst«a®® ia mm ©©fistrme-
tlon miid ®pii«tl©n ©f th« pilot plsut aai to tii# &w«s 
.I#a%ofat©yf ©f til# 4t©wl# 0©iiwis®l®«i an# tli® I«stitttt« 
tow At©iii@ MmmmmU &f Xmtm Stat# Call#®# for tfe#- vmm of 
tliftip fa,el3.ltl#»# #^mlf«»fitt «»<S »»t«i?ials* 
T6 
fhoTXwm: ttltrafe® t^tgatodfatie 
fli« tmrtwrn nttrmtm ms®# i« tlie iawstiga* 
ttm mmm %ii» •mltmtm^tmm nateirl#! ©Ifeaia## from Mn^sasr 
©li«»ieal eo, AfialF®!# f^r •fcU® ttiorJliiw #oa%«at wss hw thm 
w«%lio^ tef i@©tt ClO)* A 0#5-t» .sai»pl« was 
w«lgli««l, i«t© ft aufi too 181 • ©f wat«r -©©sri* 
taimng $ ffll. of nltri# s@li mmm mMmM* Tti« soltatioii was 
to ani I© rnlm of li©t,- satiii?atM ©xali© aeM 
•••©Iittioia w»^« aM'®# 'flit#,!? •pa.p#!? pulp wa« 
aai til# t?@iilpi%als« was allow#4 to ataai ©wrwlght. fti® 
l«f#elpltat« was flu# filtnf pap«F a:tai 
wa»li«i wltti mmtmr containing a, f#w ir©p» ©f ^4wmhl0itlm 
a#l€ an€. a llttl# ©xall© a^l#* tli# flltas? pap#!^ wa# pat 
lRt0 a ta»#€ piatiniw a^ l»«n»»d #ff • fh® 
praiipltat# wa» then, lgnlt#d at,full w«ffl# h#a,t ai*€ waa 
w#lgh#i aa thsriw ••©mi#, 
Hy<|gQflmQg.lct ##!€ 
Thm hj^r&fltiowtQ aelA tts## In tli# lwe:»tl|^,tl©n was 
TO p#i» ©®tit at»#ott» a#li ptti?©toas#^ frow tto# @®ti#»al 0^#»l«al 
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